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-. Standing at the entrance of the tunnel I could see ahead 


of me a darkness so absolutely black it seemed a solid. 
The light of my lantern was but a sickly glow. Nevertheless, 


_ I forged ahead, and with each step the tunnel grew 


larger, and I felt as though I was wandering into the very 
core of the Guadalupe Mountains. 


Jim WHITE, RECALLING HIS 1898 DISCOVERY OF 
CARLSBAD CAVERNS WHEN HE WAS 16 YEARS OLD 
; Jim WHITE’s OWN STory, ©1932 


magine yourself at the narrow threshold of a vast, cool ene 
its vaulted ceilings and soaring walls obliquely lit by dim and 
distant sunlight. Faint rustles, dripping sounds, and chaotic 
flapping noises punctuate the damp air. Intrigued, you press far 
forward into the curving room, immediately alert to the skittering of 
tiny feet and the whooshing of small bodies overhead. You hurriedly’ 
switch on your lantern, lifting it before you to illuminate the scene. 
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First discovered in the mid-1950s, Musk Ox Cave 
on BLM lands in New Mexico was still being 
surveyed and mapped several decades later. Cave 
explorers have found fascinating formations as well 
as numerous fossil vertebrates dating from the Late 
Pleistocene, some 1.5 million years ago. 
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While underground streams do not always flow as 


torrentially as in this Wyoming cave, caves are 
nonetheless a major vehicle for groundwater 
replenishment in many regions. 
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inuous draperies adorn the walls, 
appearing to glow warmly from 
within as your light strikes them. 
) A spiky, chandelierlike object 
~~ reaches down from the ceiling, its 
irregular pendants shining wetly in your 
lantern’s beam. Stately columns line your 
path, and crystalline gems sparkle from 


murky alcoves. A limpid, blue pool ripples 
gently as ghostly, translucent creatures dart 
for cover. Compact, furry forms hug high, 
gloomy corners, their black eyes peering 
from beneath folded, leathery wings. 

Is this some unearthly, long-abandoned 
palace hall, its windowless expanses now in- 
habited only by odd denizens of the dark? 
Surprisingly, you’re actually ina place that’s 
extremely down to earth—quite literally, 
you've just stepped inside the Earth. Wel- 
come to the underground. 

This article will explore many of the fas- 
cinating aspects of the most common types of 
caves, from their development and geology, 
to the animals that call them home, to the 
ancient humans who left their marks in beau- 
tiful wall art long ago. Since caves are such 
multifaceted, complex environments, spele- 


Horsethief Cave, in the Bighorn Mountains of 
north-central Wyoming, combines recreational and 
scientific values, including volcanic ash and other 
evidence of the region’s geologic past. More than 15 
km long, the cave complex is gated and the entrance 
is restricted to BLM permit holders. 


ologists—scientists who specialize in the 
study of caves and their resources — must be 
well-versed in a variety of scientific disci- 
plines, from geology to biology, from paleon- 
tology to archaeology. For teachers, caves 
can offer the perfect focal point for interdis- 
ciplinary education in subjects as diverse as 
biology, archaeology, language arts, and, of 
course, earth sciences. 

The “otherworldly” world of caves 1s one 
of Earth’s last true frontiers, and the only one 
that is entirely underground. According to 
the Federal Cave Resources Protection Act 
of 1988, a cave—or cavern—is “any natu- 
rally occurring void, cavity, recess, or system 
of interconnected passages which occurs be- 
neath the surface of the Earth... and which 
is large enough to permit an individual to 
enter, whether or not the entrance is natu- 
rally formed or manmade.” The deepest and 
longest cave systems have been explored 
only by a hardy few; most noncommercial 
caves remain largely unseen and unknown by 
the majority of humans. And those are only 
the caves that scientists know about. The 
possibilities for new and significant cave dis- 
coveries are both real and very intriguing— 
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Although small-scale in terms of passage length, Wyoming’s Natural Trap Cave is of great interest to 
scientists. The roof of its one large room collapsed thousands of years ago, opening the cave to the surface 
and allowing animals and plant materials to fall in. The cave is now filled to a depth of more than 5 m 
with these remains, which Earth Watch volunteers excavated and studied for several years. 
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particularly on some remote public lands 
managed by the Bureau of Land Manage- 
ment (BLM), an agency of the U.S. Depart- 
ment of the Interior. New cave discoveries 
are being made each year. 

Remote and seemingly disconnected 
from the sunlit world, caves are, in fact, intri- 
cate and delicate ecosystems that shelter 
unique organisms. Though they may appear 
to be glistening but barren worlds of stone 
and water, they not only bristle with living 
organisms but also house evidence of past life 
forms, both human and nonhuman. 

Caves are also critical components of the 
hydrologic cycle in the areas that host them. 
In fact, cave areas provide 25 percent or 
more of our nation’s water supply and are 
particularly important in the arid climates 
of the American West. Cave-related aqui- 
fers are highly vulnerable to pollution, 
however. The geologic nature of these areas 
—fractured, soluble bedrock overlain by 
thin soils—allows for rapid vertical and 
horizontal movement of water, including 
any pollutants it may carry in from the sur- 
face. Contaminants introduced into this 
system are not well filtered by the thin soils, 
and once in the water table, are moved along 
with great rapidity. 


Limestone to Lava: 
Types of Caves 
Solution caves, by far the most common, ex- 
tensive, and largest type of U.S. caves, are 
formed by the chemical action of weakly 
acidified water upon soluble rocks. These 
include limestone (whose principal con- 
stituent mineral is calcite, CaCO,), 
dolostone (principal constituent: dolomite, 
CaMg(CO,),), and the mineral gypsum 
(CaSO,:2H,O). Limestone and dolostone 
caves are clustered along the Appalachian 
Mountains, and in several midwestern states 
and south-central Texas. They are also 
sprinkled throughout states west of the Da- 
kotas. The much rarer caves carved in the 
evaporate mineral gypsum are located 
mainly in northern Texas and New Mexico. 
Other evaporate minerals, such as rock salt 
(NaCl or KCl), may also host caves. 

Other, less prevalent types of caves in- 
clude erosion caves, which are hollowed out 
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by lake and seashore waves and river mean- 
ders, and volcanic caves inlavatubes. Volca- 
nic caves, formed when a lava flow’s surface 
cools and hardens while molten lava still 
flows beneath, are most numerous in the 
northwestern United States and in Hawaii. 
Allin all, there are more than 40,000 known 
caves of all types in the United States. 

About 130 U.S. caves have been devel- 
oped commercially for public visitation, and 
at least 81 national parks and monuments 
contain noteworthy caves. Kentucky’s 
Mammoth Cave National Park, for example, 
features the world’s longest cave, with more 
than 550 km of mapped passages. Carlsbad 
Caverns National Park’s “Big Room” is the 
world’s largest known subterranean cham- 
ber: 400 mlong, 200 m wide, and 90 m high. 
Also within Carlsbad Caverns is 
Lechuguilla Cave, which plunges to more 
than 485 m below the surface, making it the 
deepest solution cave in the United States. 

The BLM manages hundreds of caves on 
western public lands. Because most BLM 
caves are located in remote areas—often rela- 
tively removed from human interference— 
they sometimes present unique opportuni- 
ties to view cave ecosystems in pristine con- 
dition. Untouched caves offer superb pros- 
pects for speleological research and protec- 
tion of cave-related resources, including re- 
gional water supplies. BLM public lands 
also hold great promise for the discovery of 
new caves, particularly in their farthest 
reaches and within national monuments and 
other protected areas. 


© Limestone caves 


© Lava caves eS 
{ Gypsum caves 
(, Other kinds of caves _ 


Karst and Caves: 

How They Form 

Many solution caves are part of a complex, 
irregular topography known as karst, named 
for the Kras region of the Republic of 
Slovenia; an astounding 44 percent of that 
nation is comprised of karst lands. Karst isa 
unique landform that hosts characteristic 
features. These include caves, sinkholes 
(funnel-shaped, closed depressions due to 
subsidence of surface soils into voids below), 
lost rivers and sinking streams (surface wa- 
ters that disappear underground through 
holes or cave entrances), and springs, known 
as resurgences. Karst topography hosts few, 
if any, surface streams, and those that exist 
are very short. Sometimes, ifa sinkhole drain 
becomes plugged, a pond as large in area as 
several hectares may appear; if the drain un- 
plugs, a pond of that size may disappear 
overnight. In tropical areas, a spectacular 
variety of karst landscape, known as tower or 
pinnacle karst, features high, steep-sided, 
flat-topped limestone “towers” separated by 
areas of alluvium. 

The formation of karst lands is depen- 
dent upon underground solution of rock 
and the diversion of surface waters to sub- 
surface systems of interconnected drainage 
conduits. During the Paleozoic era 300 mil- 
lion years ago, many areas of the United 
States were covered by warm, shallow seas. 
The skeletons of dead marine animals and 
the remains of plants built up as sediments 
and reefs, the layers of which compacted 
into thick, hard calcium carbonate rock as 
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Right: Appearing to defy gravity, a 
twiglike heligmite formation snakes 
upward amidst a forest of small 
columns overhung by dripping soda 
straws. (Cottonwood Cave, New 
Mexico) 

Below: Fine selenite—crystalline 
gypsum—needles form when a 
sulfate solution percolates up 
through cave floor silt. (Fitton 
Cave, Arkansas) 

Bottom: Centuries of calcite 
deposition may cause stalactites and 
stalagmites to grow together, 
forming huge columns. (Ogle Cave, 


New Mexico) 
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In karst areas, 
rivers often 
disappear 
underground, 
where they 
continue to 
erode and shape 
the landscape. 
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the reefs grew larger. 
When the seas retreated 
and the land was uplifted 
by movements in the 
Earth’s crust, the reefs and 
sediments—hundreds of 
meters thick—were ex- 
posed at the surface. 

In such areas, as weath- 
ering produces soil, trees 
and other plants begin to 
grow. Rainwater and 
snowmelt are naturally 
slightly acidic (pH ~5.6) 
because atmospheric CO, combines with 
precipitation as it falls, forming weak car- 
bonic acid (H_,CO,), the same acid as in car- 
bonated soft drinks. Once on the ground, 
the moisture trickles down along plant roots 
and percolates through the soil, absorbing 
additional CO, from decaying plant re- 
mains. The carbonic acid and various other 
organic acids begin to dissolve underground 
conduits within the limestone bedrock. 

During the initial phases of cavern de- 
velopment, the majority of solutional activ- 
ity occurs at the top of the water table, where 
the weakly acidic water is concentrated. As 
the area is further uplifted, or as the water 
table drops, solution conduits fill with air. 
At the same time, water continues to enter 
the cave system through joints and other 
fractures created during uplift and widened 
by the flow of acidic surface water. In some 
cases, these weak points eventually become 


cave system entrances. Cave passages de- 
velop further as the acidic water flows 
through the conduits, enlarging and deepen- 
ing them by both chemical action (corrosion) 
and mechanical erosion (abrasion) by sedi- 
ments transported by the water. Concurrent 
weathering by both corrosion and abrasion is 
called corrasion. 

Groundwater exiting caves through re- 
surgences often has a higher concentration of 
calcium and bicarbonate ions than does wa- 
ter entering those caves, indicating that solu- 
tion 1s actively occurring today. 


Moving water from percolation and floods 
can transport materials into and through 
caves both physically and chemically. The 
physical process known as breakdown 
causes rocks to fall from cave ceilings. 
Sand, silt, and clay may be physically de- 
posited, and secondary deposition of min- 
erals may also occur. 

Caves offer an ideal environment for 
chemical deposition of minerals from car- 
bonate-laden water entering the caves. As 
weak carbonic acid seeps through cracks and 
fractures in the bedrock, the acid dissolves 
the surrounding calcium carbonate rock. 
The rock fractures are generally very tight, 
keeping the carbon dioxide in solution, much 
like the cap ona soda bottle keeps its contents 
bubbly. As the calcite-rich water enters air- 
filled cave passages, it loses excess carbon 
dioxide to the atmosphere (much like what 
happens when the soda bottle cap is re- 
moved), or the water itself may evaporate. 
This causes dripping water to precipitate 
minerals from solution, creating “cave deco- 
rations” known as speleothems—from the 
Greek for “cave deposit.” Speleothems 
formed by dripping water are collectively 
termed dripstone. 

Common dripstone speleothems include 
stalactites and stalagmites, icicle-shaped 
masses of precipitated calcite that, respec~ 
tively, hang from cave ceilings and protrude 
upward from cave floors. A stalactite and a 
stalagmite that have grown into each other 
formacolumn. When dripwater flows down 
cave walls and over the floor, it creates sheet- 
like flowstone or rimstone dam deposits. [fit 
seeps from a rock joint and then trickles 


down a cave wall, complex, sinuous deposits 
known as draperies are formed. 

Speleothems form at varying rates based 
on a number of factors. The temperature 
outside the cave has a major effect, as it regu- 
lates the rate of decay of surface plants and 
animals (higher temperature, higher decay 
rate), and hence, the amount of carbon diox- 
ide in the surface soil. Higher outside tem- 
peratures also increase evaporation rates, 
which affect the amount of water percolating 
through fractures and cracks into the cave. 
Another important factor is the amount of 
rainfall, which governs water flow into the 
cave (more water, faster speleothem growth). 

The warm, red-to-orange-to-brown col- 
ors of speleothems are the result of plant ac- 
ids, iron oxide compounds, or bacteria 
brought in from the surface. (By contrast, 
pure calcite is white or clear.) Other oxides of 
iron and manganese may impart a deep 
brown or black color. Speleothem shapes are 
determined by the acidity of the water that 
enters the cave by dripping, seeping, or 
splashing, and whether the water stands, 
flows, or drips after entering the cave. 

Speleothems often appear in bizarre 
forms. 
clusters of calcite balls that can form along 
the walls, floor, or ceiling of flooded cave 
passages. “Cave pearls” are loose calcite 
balls that, like actual pearls, grow around a 
tiny grain of sand or other impurity, some- 
times to the size of ping-pong balls. Cave 
pearls are prevented from cementing them- 
selves to the floor by the agitation of drip- 
ping water. Helictites and heligmites are 
thin, twisting speleothems that may grow 
out from walls, up from the floor, or down 
from the ceiling. 

Cave formations have so captured the hu- 
man imagination that in many U.S. commer- 
cial caves, uniquely shaped speleothems are 
often likened to animals or humans, with 
elaborate stories woven around them. Col- 
ored lighting is sometimes used to enhance 
the fantasies. 


For instance, “cave popcorn” is 


Caves provide a relatively constant climate, 
with stable temperatures and high humidity. 
The temperature deep inside a particular 
cave is equal to the average annual tempera- 
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Above: The water in cave pools is often supersaturated with calcium 
carbonate. Under these conditions, calcite crystals may initially crystallize 
around bits of debris in the water and eventually build impressive features such 
as these “Christmas trees.” The process is similar to that by which sugar 
crystals form “rock candy” along a string submerged in sugar water. 


(Madonna Cave, New Mexico). 


Top right: “Soda straws” grow as calcium carbonate-rich water flows through 
their hollow cores. Calcite deposits may build up on the ends of soda straws, 
forming “lemon drops” such as these. (Wind Cave, New Mexico) 


Bottom right: Stalactites take on a reddish-brown color from plant acids, iron oxide compounds, or bacteria 
brought in from the surface. These stalactites are surrounded by white gypsum. 


ture of the surrounding surface environ- 
ment. Therefore, a cave in the Montana 
mountains might have a constant tempera- 
ture of 3°C, while a cave located in the low 
desert of New Mexico might have a constant 
temperature of 26°C. Cave temperatures 
may vary by one or two degrees from summer 
to winter, with temperatures near cave en- 
trances varying much more because of the 
effects of outside weather. The humidity 
within caves 1s generally 95-98 percent. 
Caves breathe—there is a constant ex- 
change of air between the cave and the sur- 
face. This can occur in two ways. Oneisasa 
result of barometric pressure changes. If the 
barometric pressure outside a cave 1s higher 
than that inside, air moves into the cave. 
When a weather front moves over the area 
and the outside barometric pressure falls, the 
cave “breathes out.” Even slight air pressure 


changes due to diurnal air temperature fluc- 
tuations are reflected in a cave’s airflow. 
The second mechanism of air circulation 
in caves is called the “chimney effect.” Ifa 
cave has more than one entrance, the lower 
entrance will pull in cold air during the win- 
ter. As the air enters the cave, it warms and 
rises until it exits from the upper entrance. 
This phenomenon reverses in the summer, 
when warm air enters the upper entrance, 
cools, sinks, and finally exits via the lower 
entrance. Cave circulation provides a natu- 
ral form of air conditioning that blows warm 
air in the winter and cool air in the summer. 


The cave environment varies as one moves 
farther away from the surface. This variation 
is used to classify parts of the cave into eco- 
logical zones. The “entrance zone” 1s similar 
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to the aboveground environment, with at- 
tendant variations in temperature and hu- 
midity. This zone receives plentiful sunlight 
and green plants are present. The entrance 
zone is moderated somewhat by warm, moist 
air blowing out of the cave in winter, and 


The little brown bat (Myotis lucifugus) is one of the 
more common bats in the United States. It is typically 
found in forested areas and often roosts in caves. An 
indwidual can consume up to 1,200 insects in an hour 


of feeding. 


Above: The 
average length 
of this cave 
salamander 
(Eurycea 
lucifuga) is 
around 15 cm. 
The young of 
the species 1s 
often yellow, 
whereas adults 
are generally bright orange with black spots covering 
most of the body. They are generally found around 
limestone outcroppings, feeding on a diet of small 
arthropods and insects. 

Above right: An inhabitant of isolated caves in 
Texas, the Tooth Cave spider (Neoleptoneta 
myopica) is a typical troglobite. It is on the Federal 
Endangered Species List. 
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cool, moist air blowing out in summer. 
Therefore, this zone often has a unique m1- 
croclimate that supports a greater diversity 
and density of plant and animal species than 
does the surrounding surface area. 

In the “twilight zone,” a little farther 
into the cave, sunlight is greatly reduced 
and plants do not grow. Temperatures still 
vary quite a bit but are more stable than at 
the entrance. This dimly lit zone is home to 
a mix of surface-adapted species and cave- 
adapted species. Still farther into the cave is 
the “middle zone,” where one first encoun- 
ters total darkness. This zone still experi- 
ences some temperature and humidity fluc- 
tuations in response to surface weather 
changes. In deeper, more extensive caves, 
the final area is the “dark zone.” This area, 
with almost constant temperature and hu- 
midity, is home to an array of unusual, 
uniquely adapted organisms. 


Life in the Dark 


The diversity of animal species living in 
caves is very small compared to animal life 
on the surface, and invertebrate diversity 1s 
much greater than vertebrate diversity. For 
example, the huge Mammoth Cave system 
houses a vertebrate biodiversity of only 43 
mammal species, 15 reptiles, 19 amphib- 
ians, and 3 fish. The number of cave animal 
species that are endangered is therefore 
relatively high. The Nature Conservancy 
estimates that 95 percent of the animal spe- 
cies found exclusively in caves are vulner- 
able or imperiled. 

Evenin the darkest areas of acave, all life 
ultimately depends on sunlight. Since 
green plants cannot live deep in caves, liv- 
ing plants are not at the bottom of the cave 
food chain. Cave animals must rely on oc- 
casional floods to wash leaves, twigs, and 
other plant debris from the surface into the 
cave. Another food source is droppings 
from animals, such as bats and crickets, that 
venture outside the cave to feed and then 
return to sleep or raise their young. In some 
caves, these droppings may provide the 
only food source. However, few animals 
can feed directly on the droppings; instead, 
bacteria and fungi decompose these mater1- 
als into simple nutrients. Tiny cave-dwell- 
ing insects, such as springtails, feed on the 


plant debris, fungi, and bacteria and their 
products, and then become a food supply 
for caves’ larger predators, such as mites, 
pseudoscorpions, and crayfish. The larger 
animals’ droppings then replenish the food 
supply for fungi and bacteria. 

Cave animals are divided into four cat- 
egories, based on the amount of time they 
actually spend in caves. “Accidental spe- 
cies” are those that wander, fall, or are 
washed into caves, providing an important 
source of nutrients if they die there. 
Trogloxenes (Greek for “cave guests”) are 
temporary cave residents that move freely 
into and out of caves. They seek out the 
habitat at times—say, for hibernation or 
rearing young—but do not complete their 
entire life cycle in caves; in fact, many 
show no special adaptations to the cave 
environment. Bats, bears, skunks, rac- 
coons, pack rats, moths, and humans are 
all trogloxenes. Mexican free-tailed bats 
(Tadarida brasiliensis mexicana), for ex- 
ample, roost and reproduce in Carlsbad 
Caverns during a seven-month period 
each year, and then migrate south in early 
autumn, returning in the spring. (For 
more about bats and their critical ecosys- 
tem functions, see the poster back.) 
Trogloxenes other than humans play an 
important role in providing food for those 
cave animals that never visit the surface. 

Troglophiles (Greek for “cave lovers”) 
can live in the dark zones of a cave but can 
also venture outside in search of food. This 
group includes some kinds of earthworms, 
beetles, frogs, salamanders, and crusta- 
ceans. The cave cricket (of the order Or- 
thoptera)—actually, a kind of grasshop- 
per—is one of the most commonly found 
organisms in this group. 

Troglobites (Greek for “cave life”) are 
the true cave dwellers. They spend their 
entire lives in caves, living permanently in 
the dark zone. They cannot survive outside 
caves and have developed special adapta- 
tions to help them live in this stark environ- 
ment. Since cave food sources are meager, 
the sense organs and physical resources of 
troglobites are primarily devoted to sur- 
vival and finding food. In a lightless envi- 
ronment, unnecessary senses, such as sight, 
have degenerated or been eliminated. 
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to the aboveground environment, with at- 
tendant variations in temperature and hu- 
midity. This zone receives plentiful sunlight 
and green plants are present. The entrance 
zone is moderated somewhat by warm, moist 
air blowing out of the cave in winter, and 


The little brown bat (Myotis lucifugus) is one of the 
more common bats in the United States. It is typically 
found in forested areas and often roosts in caves. An 
indwidual can consume up to 1,200 insects in an hour 


of feeding. 


Above: The 
average length 
of this cave 
salamander 
(Eurycea 
lucifuga) is 
around 15 cm. 
The young of 
the species ts 
often yellow, 
whereas adults 
are generally bright orange with black spots covering 
most of the body. They are generally found around 
limestone outcroppings, feeding on a diet of small 
arthropods and insects. 

Above right: An inhabitant of isolated caves in 
Texas, the Tooth Cave spider (Neoleptoneta 
myopica) is a typical troglobite. It is on the Federal 
Endangered Species List. 
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cool, moist air blowing out in summer. 
Therefore, this zone often has a unique mi- 
croclimate that supports a greater diversity 
and density of plant and animal species than 
does the surrounding surface area. 

In the “twilight zone,” a little farther 
into the cave, sunlight is greatly reduced 
and plants do not grow. Temperatures still 
vary quite a bit but are more stable than at 
the entrance. This dimly lit zone is home to 
a mix of surface-adapted species and cave- 
adapted species. Still farther into the cave 1s 
the “middle zone,” where one first encoun- 
ters total darkness. This zone still experi- 
ences some temperature and humidity fluc- 
tuations in response to surface weather 
changes. In deeper, more extensive caves, 
the final area is the “dark zone.” This area, 
with almost constant temperature and hu- 
midity, is home to an array of unusual, 
uniquely adapted organisms. 


Life in the Dark 


The diversity of animal species living in 
caves is very small compared to animal life 
on the surface, and invertebrate diversity 1s 
much greater than vertebrate diversity. For 
example, the huge Mammoth Cave system 
houses a vertebrate biodiversity of only 43 
mammal species, 15 reptiles, 19 amphib- 
ians, and 3 fish. The number of cave animal 
species that are endangered is therefore 
relatively high. The Nature Conservancy 
estimates that 95 percent of the animal spe- 
cies found exclusively in caves are vulner- 
able or imperiled. 

Evenin the darkest areas of acave, all life 
ultimately depends on sunlight. Since 
green plants cannot live deep in caves, liv- 
ing plants are not at the bottom of the cave 
food chain. Cave animals must rely on oc- 
casional floods to wash leaves, twigs, and 
other plant debris from the surface into the 
cave. Another food source is droppings 
from animals, suchas bats and crickets, that 
venture outside the cave to feed and then 
return to sleep or raise their young. In some 
caves, these droppings may provide the 
only food source. However, few animals 
can feed directly on the droppings; instead, 
bacteria and fungi decompose these mater1- 
als into simple nutrients. Tiny cave-dwell- 
ing insects, such as springtails, feed on the 


plant debris, fungi, and bacteria and their 
products, and then become a food supply 
for caves’ larger predators, such as mites, 
pseudoscorpions, and crayfish. The larger 
animals’ droppings then replenish the food 
supply for fungi and bacteria. 

Cave animals are divided into four cat- 
egories, based on the amount of time they 
actually spend in caves. “Accidental spe- 
cies” are those that wander, fall, or are 
washed into caves, providing an important 
source of nutrients if they die there. 
Trogloxenes (Greek for “cave guests’) are 
temporary cave residents that move freely 
into and out of caves. They seek out the 
habitat at times—say, for hibernation or 
rearing young—but do not complete their 
entire life cycle in caves; in fact, many 
show no special adaptations to the cave 
environment. Bats, bears, skunks, rac- 
coons, pack rats, moths, and humans are 
all trogloxenes. Mexican free-tailed bats 
(Tadarida brasiliensis mexicana), for ex- 
ample, roost and reproduce in Carlsbad 
Caverns during a seven-month period 
each year, and then migrate south in early 
autumn, returning in the spring. (For 
more about bats and their critical ecosys- 
tem functions, see the poster back.) 
Trogloxenes other than humans play an 
important role in providing food for those 
cave animals that never visit the surface. 

Troglophiles (Greek for “cave lovers”) 
can live in the dark zones of a cave but can 
also venture outside in search of food. This 
group includes some kinds of earthworms, 
beetles, frogs, salamanders, and crusta- 
ceans. The cave cricket (of the order Or- 
thoptera)—actually, a kind of grasshop- 
per—is one of the most commonly found 
organisms in this group. 

Troglobites (Greek for “cave life”) are 
the true cave dwellers. They spend their 
entire lives in caves, living permanently in 
the dark zone. They cannot survive outside 
caves and have developed special adapta- 
tions to help them live in this stark environ- 
ment. Since cave food sources are meager, 
the sense organs and physical resources of 
troglobites are primarily devoted to sur- 
vival and finding food. In a lightless envi- 
ronment, unnecessary senses, such as sight, 
have degenerated or been eliminated. 
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Most troglobites are transparent or 
white to pinkish in color, because they have 
no need for protection from sunlight or for 
visual camouflage from predators. Many 
have no eyes or poorly developed eyes -be- 
cause these organs are unnecessary in the 
dark, are prone to injury, and take precious 
energy to maintain. An eyeless cave fish 
such as the northern cave fish (Amblyopsis 
spelaea), for instance, can survive longer in 
a cave pool or stream with less food than 
can a fish that has eyes, an example of 
regressive evolution. 

What many troglobites have lost physi- 
ologically, they have made up for with the 
development of such adaptations as longer 
legs or antennae, finely tuned olfactory 
senses, extreme sensitivity to vibrations, or 
metabolisms that enable them to go for long 
periods of time with little food. Animals that 
have completely adapted to cave life include 
cave fish, cave crayfish, cave shrimp, 1so- 
pods, amphipods, millipedes, some cave 
salamanders, and insects such as roaches. In 
tropical caves, troglobitic roaches such as the 
giant cave roach (Blaberus giganteus) may 
blanket the cave floor in huge masses beneath 
bat nurseries, feeding on guano and quickly 
devouring any bat pups unlucky enough to 
slip to the ground. 

Cave microbes are currently being in- 
tensely researched in caves. In Lechuguilla 
Cave alone, more than 1,000 strains of mi- 
crobes have been isolated from pools, soils, 
speleothems, corrosion residues, and sulfur 
deposits. Microbes from Lechuguilla Cave, 
Mammoth Caves, and other U.S. caves are 
being studied for possible use in fighting cer- 
tain types of cancer. 

The precarious lifestyles of most cave 
animals highlight both the fragility of the 
cave environment itself and its inter- 
connectedness with the surface. Ulti- 
mately, the energy and resources that feed 
cave animals and cave environments— 
including water supplies—come from the 
Earth’s surface. Surface land use practices 
therefore directly impact water quality and 
life forms within caves. The systems are so 
delicate, in fact, that even recreational cave 
visitors can impact the underground world. 
These are some of the factors that make cave 
management a daunting task. 


Above: By using a system of 
permits and gates, such as this one 
at Hot Springs Cave in Utah, 
BLM and other land managers 
can restrict access to caves that 
have valuable scientific or cultural 
resources or that pose dangers to 
the public. 

Right: To unethical people, cave 
entrances, such as this one in 
Warren County, Kentucky, 
appear to be attractive places in 
which to dump trash. Because 
entrances also serve as recharge 
points for groundwater, this 
practice can quickly pollute local 
or regional water supplies. 


Management Challenges 

The Bureau of Land Management (BLM) 
manages 262 million acres of public lands, 
mostly located in 11 western states and 
Alaska. Among the diverse natural and 
cultural resources under BLM’s care are 
several hundred caves in the West. The 
challenge for BLM and other land manag- 
ers is to protect fragile cave and karst envi- 
ronments and their valuable groundwater 
resources while also considering myriad 
other potential uses of these same areas, 
many of which are rich in resources such 
as timber, oil and gas, and other minerals. 

Caves and their associated environ- 
ments are very fragile ecosystems that 
are affected both directly and indirectly 
by human contact. Direct contact, in the 
form of exploration, recreation, and van- 
dalism, can alter environments that have 
formed over millions of years. Human 
visitors can stir up dust and discolor 
speleothems, track in mud and leave boot 
marks, cause accidental or intentional 
breakage of speleothems, leave trash, 
and contaminate water sources. In addi- 
tion, lighting, trail construction, build- 
ing of nonnatural cave entrances, ex- 
haled carbon dioxide, body oils, and 
noise from cave tours can all adversely 
affect the features and inhabitants of this 
underground world. 

Less direct, but equally harmful, 1s 
damage from activities that take place 
above ground. Natural occurrences and 
human actions can cause numerous dis- 


ruptions of the cave ecosystem. Timber 
harvesting, mining, grazing, farming, 
and urban development can all lead to the 
introduction of sediments into the cave/ 
karst system, as can natural wildland 
fires. Increased sedimentation can clog 
caves and crevices, alter drainage pat- 
terns, and change cave humidity and the 
pH of water in the cave. Alteration of 
airflow can also occur asa result of mining 
operations or the dumping of trash into 
sinkholes and cave entrances. 

Intentional dumping of trash—from 
household garbage to abandoned cars to 
dead animals—is certainly an obvious 
source of cave pollution. But pollutants 
also enter cave/karst systems as a result of 
various other activities. Chemicals from 
mining operations; fertilizers and pesti- 
cides from farms; sewage; runoff from 
urban areas; and pollutants from timber 
slash and waste all can make their way into 
relatively closed cave ecosystems. The 
effects can be serious not only for the cave 
system but also for the quality of ground- 
water in the entire region. 

Karst areas typically lack surface wa- 
ter and host numerous streambeds that 
are dry except in periods of high runoff. 
In these landscapes, with their absence of 
perennial surface streams, the entire re- 
gion serves, in effect, as a recharge zone 
for aquifers. Water is rapidly conveyed to 
the subsurface zones of recharge through 
a network of fractures, partings, and cave 
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Cave Ecosystems 


Bones and Baskets: 
Human Use of Caves 


Human occupation of caves dates to some time within the Pale 


olithic period (2 million to 10,000 years ago) of the Stone Age, 


when early hominids first began to create and use stone tools 


This period also saw the evolution of the human species into 


Cowboy Caves, located on the Colorado Plateau in Utah, are named for the cowboy graffiti and cattle brands 


t 
scratched on the walls in relatively recent times. But they 
about prehistoric life in the region as well. The caves 


ago, including fire pits, milling stones, grass matting, rock art, and unusual split-twig figurine 


true modern humans, Homo sapiens. Caves were obvious natu- 
ral shelters for early humans, offering effective protection from 
the elements. However, scientists theorize that before early 
humans would have been able to safely live in caves, they would 
have needed fire-making skills in order to drive out cave- 
dwelling predators and keep others at a distance outside. Chi- 
Nese caves contain some of the earliest evidence of human use of 
fire, approximately 400,000 years ago, though scientists believe 
that the earliest use of fire may have occurred about 100,000 
years before that 

As archaeological sites, caves have enormous scientific po- 
tential because they usually provide ideal conditions for preser- 
vation of normally perishable materials such as bones, textiles, 
baskets, andc 
K-Ar dating methods, which use radioactive isotope propor- 


arcoal. Such materials can be dated using C-14 or 


tions to establish age. Some caves document a continuous or 
intermittent sequence of human occupation for thousands or 
even hundre 


s of thousands of years. Accurately dated cave 


Bats: Essential to 
Healthy Ecosystems 


Bats are among the most beneficial and necessary animals on 
Earth. These flying mammals comprise nearly a quarter of all 
mammal species and live in almost every habitat. They are 
primary predators of vast numbers of insect pests, including 
beetles, moths, leafhoppers, and other insects which, if not for 
bat predation, would cost farmers and foresters billions of dol- 
lars annually in lost crops. Some bats also consume mosquitoes, 
which are at best an annoyance to humans, and at worst, disease 
carriers. Bats also pollinate flowers and disperse seeds in 
rainforests and deserts. In any of their habitats, bats are critical 
elements of the ecosystem 

There are 45 species of bats in the United States (out of 1,000 
worldwide), and they exhibit surprising physical variety. Most 
cave-dwelling species, which represent by far the largest bat 


colonies, range in length from 6 to 12 cm, with wingspans from 


19 to 41 cm and weights of 30 g or less. Bat species are divided 
into two suborders, the Megachiroptera, large, long-faced, non- 
carnivorous species that include flying foxes and fruit bats, and 


Karst & Nonkarst Watershed Models 


This activity aligns with the following National Science Educa- 
tion Standards: Content Standard D: Earth and Space Science- 
Structure of the Earth System; and Content Standard F: Science 
in Personal and Social Perspectives—Natural Hazards 


As the article indicates, many caves are found in karst regions, 
landscapes that feature the slow dissolving of underground rock 
such as limestone, dolomite, and gypsum. In addition to caves, 
karst landscapes feature sinkholes and underground streams. 
Karst areas are characterized by broken, weathered bedrock 
near the soil surface. 

A watershed is an area of land where all water collects and 
drains into a common body of water, such as a lake, river, or 
ocean. In a watershed, all precipitation that falls drains from 
upland areas to a low point or basin, and the collected water 
drains to this point. All uses of the land on the surface of a 
watershed can dramatically affect the groundwater of an area. 

A major problem in karst areas is that sinkholes have long 
been used as dump sites for various waste materials. As surface 
waters funnel into the depressions in the ground, water leaches 
contaminants from the solid wastes and quickly carries them 
through the network of open spaces underground, Other pollut- 
ants such as pesticides, fertilizers, and animal wastes are also 
carried across the ground and into the sinkholes. There are 
many other sources of pollution as well. And the problem is that 
any pollutants entering the’groundwater system in karst areas 
receive very little or no filtration and continue into an aquifer 


that may supply water to nearby wells 

By creating models of karst and nonkarst watersheds, stu- 
dents will come to understand how human activities can have 
serious implications for the quality of our groundwater re- 
sources, (Note: Teachers can also create the models themselves 
and perform this activity as a demonstration.) 


Materials needed 

¢ Four two-liter plastic soda bottles for each set of models 
@ Tape and scissors 

@ Plastic tube or long straw 

@ Stones, sandbox sand, aquarium gravel 

@ Powdered drink mix (red in color) 


inkin 


Nonkarst watershed 


ave provided archaeologists with a wealth of information 


how signs of human occ ur 
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materials can also help archaeologists to establish dates for non 
cave archaeological sites and artifacts within the same region. In 
this sense, caves can be viewed as prehistoric “time capsules” 
for a given area. Unfortunately, commercially valuable cave 
artifacts are often looted by unethical collectors before archae 
ologists have an opportunity to study the finds 
Some of the earliest and most spectacular evidence of human 
artistic expression has been found in caves, most notably in 
Spain and France; cave wall paintings and engravings depict 
animals, geometric 
designs, and occa 
sional human figures 
One of the best known 


art caves in the world is 


Lascaux in France, 
though the Cave of 
Chauvet-Pont-d' Arc 
is the oldest of these 

‘ cave-art sites, dating 

back 31,000 years 

Some coastal caves 
occupied by humans 
during the Ice Age are 
now flooded and diffi 
cult to locate because of 
the worldwide rise in 
sea level since that 
time. However, coastal 
caves are the ideal 


places in which to 


search for evidence of 
” - early maritime cul- 


tures. For example, ar 


chaeologists exploring 


tion beginning about 6,300 years 


France's Cosquer 
Cave, along the Medi- 
terranean Sea and now 
37 m below sea level, discovered rare depictions of marine mam 
mals and birds, including seals, auks, and penguins. In Daisy 
Cave along California's Santa Barbara Channel, artifacts date 
human use of the area to around 11,600 years ago and provide the 
earliest evidence yet for utilization of watercraft in the Americas 


Caves have also been used for religious and ceremonial pur 


poses for thousands of years. Some of the earliest Buddhist 
temples and shrines are in Chinese caves that are still in use 
today. Feather Caveon BLM lands in New Mexico was used for 
ceremonial purposes and contains paintings of masks and other 
ceremonial artifacts 

The Dead Sea Scrolls, discovered in caves near Qumran, 
Israel, along the western shore of the Dead Sea between 1947 
and 1956, are considered by many to be the single most impor- 
tant archaeological find of the 20" century. They comprise 
about 800 documents of varying degrees of completeness. Some 


scholars have identified the authors as Essenes, members of a 


Jewish sect that existed 


at the time of Jesus. Among other 


Microchiroptera, 
smaller, pug-faced 
species that are typi- 
cally 
(Chiroptera is Latin 


carnivores 


for “hand wing.”) 
Most of the former 
species feed on fruit 
and nectar, and most 
of the latter feed 
on insects 

Bats can live up to 
30 years of age, and 
most have only one 
baby, called a pup, 


each year. Aswithall The Eastem pipistrelle (Pipistrellus 


mammals, pups are subflavus) ts particularly sensitive to 


; freezing temperatures and is one of the 
fed milk by their +, t ; 

= first species to go into hibernation 
Mothers; nw HICH: ane scner ce een eho and one of 
able to recognize _ the last to emerge in spring 


their young by voice 
and scent. (Contrary to popular belief, bats are not blind; 
they are able to see as well as most other mammals.) For 


e Aluminum foil 
© 1/4 cup measuring cups 
@ Water 


Procedure 

1. Have each student or group of students make two models, 
one of a karst watershed and one of a nonkarst watershed, 
according to the directions and diagram below. 


Constructing a Karst Watershed 

A. Cut off the bottom 6 cm of bottle #1. 

B. Cut off the top 6.5 cm of bottle #2. Save the top for later use. 
Pour 5 cm of water into the bottom. 

C. Place bottle #1 upside down into bottle #2 as shown. 

D. Insert the plastic tube through bottle #1. (To keep it steady 

within the cut-off top, you may need to pack the tube with 

aluminum foil.) 

E. Pack stones into the inverted bottle around the tube with the 

stone level higher at the edges and lower in the center. 

F. Lay sand on top of the stones following the curve up the sides 

of the bottle. 

G. Lay the cut-off top portion of bottle #2 upside down on the 

sand with the plastic tube extending through the cap screw 

portion, Arrange the tube until it extends no higher than the 

cap screw portion of the cut bottle and tape it into position. 


Constructing a Nonkarst Watershed 

A. Follow steps A-C for the model above 

B. Pack stones into the inverted bottle higher at the edges and 
lower in the center. 

C. Add a layer of aquarium gravel (slightly packed) higher at 
the edges and lower in the center. (Soil layers tend to be 
thinner in karst watersheds than in nonkarst watersheds 
The gravel layer gives this model thicker “soil.”) 

D. Add a layer of sand on top of the gravel following the curve 
up the sides of the bottle 


2, Onthe model, have students identify the groundwater, rock, 
soil, and sinkhole. Ask students to predict what will happen 
when it rains 

3. Next, have students simulate rain by pouring an equal 


;— Bottle #1 
—\— Bottle #2 
= Water 


Pollution 
—Sinkhole 

f3— Sand 

7+— Stones 

; Opening to caverns below 


Karst watershed 


=>— Groundwater 
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1—Sand (“soil”) 


-—Gravel (more “soil”) 
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things, the scrolls comprise the oldest copies of the Bible in 
existence, dating from 250 B.c, to about 135 A.p,—1,000 years 
earlier than any other known version 

Hidden Cave and Lovelock Cave, two archaeologically im 
portant caves on BLM lands in northwestern Nevada, are lo 


cated along the edge of what once was the Pleistocene-period 


ake Lahontan. In Lovelock Cave, 2,000-year-old duck decoys 


were discovered. And Hidden Cave is unique because it does 


not contain the household debris that is characteristic of other 


such archaic sites. This suggests that Hidden Cave was used by 
yumans as a tool cache rather than a habitation 


Like many desert caves in the early 20" century, Hidden and 


ovelock Caves both were mined for bat guano, an excellent 


fertilizer because of its high nitrate content that is also used as a 
source material for gunpowder. Much of the guano once mined 
from Carlsbad Caverns was sent by rail to southern California 
to be used on extensive citrus groves 

In the 1960s, the U.S, Civil Defense System formulated a 
plan to temporarily house many thousands of citizens in 
Carlsbad Caverns in the event of a nuclear war. As recently as 
1980, food rations and water supplies were still being stored in 
the cave system in support of this plan 

In the United States today, caves are used mainly by research 
scientists and by recreational cavers. In some other parts of the 
world, however, both natural and human-excavated caves are 
still used as homes and for other purposes. Along the Yellow 
River in north-central China, for example, cave dwellings have 


been hollowed into saadstone hillsides by humans for over 


From the outside, Lovelock Cave in westem 

Nevada (nght) may not look like much. But inside, 
over the course of several decades, 
excavated more than 10,000 artifacts 


archaeologists have 
The cave was 


probably used by prehistoric humans for storage and for prot 


from the elements. Hunters no doub used the cave 


on the shor 


was photogr 


cache of decoys he removed from the cave 


warmth and protection, females often live together in dense 
“bat nurseries,” roosting in caves or other structures, such as 
buildings or abandoned underground mines, during the day 
Some species live in trees, on cliff faces, or in narrow rock 
crevices. Roosting bats hang upside down with their wings 
folded at their sides or around their bodies. While some bat 
species migrate to southern climes during the winter, many 
American species hibernate until spring, surviving on stored 
fat reserves 

Insect-eating bats feed at night, catching many pests such as 
mosquitoes, moths, and flying beetles. They emit high- 
frequency sound pulses that bounce off objects as echoes. Bats 
sensitive ears enable them to use these echoes to locate, identify 
and capture moving prey while flying through the dark. This 
mechanism is known as echolocation. It is so effective that bats 
can hear the footsteps of walking insects and can detect objects 
as fine as a human hair. Echolocation also permits bats to navi- 
gate through deep caves in total darkness 

Though the Pallid bat and big brown bat are commonly 


found in buildings, America’s largest bat colonies are found in 


caves. For example, Bracken Cave in central Texas is the sum- 
mer home of 20 million Mexican free-tailed bats. During their 


annual residency period, thousands of square meters of cave 


Acti 


amount of water (about 1/4 cup) on each of the model water- 
sheds. After the “rain,” discuss what happened. 

4. Discuss how easily the water flowed to the water table. Then 
ask students what other substances can get into the ground- 
water from the surface. 


wn 


. Sprinkle the powdered drink mix across the top (sand) layer 
of each model. Have students predict what will happen when 
it rains next. Ask questions suchas, “In which model will the 
groundwater become polluted first?” 

6. Have students simulate the rain again. Observe the results 

and discuss with the class. 


Assessment and Followup 

After the activity, ask students the following questions to gauge 

their understanding: 

@ Why does the karst watershed model allow the groundwater 
to become polluted first? 

@ What are possible sources of groundwater pollution? (Many 
answers are possible, including pesticides, fertilizers, animal 
wastes, oil spills, damaged sewer lines or septic systems, and 
contaminants from landfills and other dumpsites.) 

@ What are some differences between a karst watershed and a 
nonkarst watershed? (Among characteristics students might 
cite are surface features, such as sinkholes, that are typical of 
karst landscapes, and underground features, such as broken 
bedrock and open spaces, which allow water to penetrate the 
ground and reach thégroundw<ter more Re ‘ 
of watersheds do not have these features.) 

@ What are some ways in which groundwater pollution can be 
prevented? (Again, many answers are possible, including bet- 
ter monitoring and regulation of dumpsites, sewer systems, 
and underground storage tanks, particularly in karst regions.) 


Adapted with permission from Project Underground, a national 
educational program on cave awareness. The group offers work- 
shops, facilitator training, and an activity guide, Project Under- 
ground: A Natural Resource Education Guide, containing back- 
ground information and 20 activities for grades K-12. For more 
information, write to Project Underground, 7502 Lee Highway, 
Radford, VA 24141, or call 540-381-8234; e-mail: zokaites(@usit.net 
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This activity aligns with the following National Science Educa- 
tion Standards: Content Standard D: Earth and Space Science 
Structure of the Earth System 


Your students may well be familiar with some of the cave 
ormations illustrated on the poster. And they may understand 
how the seepage of water through rock leads to the development 
of stalactites and stalagmites. As the water moves through the 
rock, it dissolves small amounts of limestone or calcium carbon- 
ate. When it drips from the cave ceiling, small amounts of 
imestone are left behind, eventually creating an icicle shape— 
a stalactite. Limestone that drips onto the cave floor builds up 
and forms a stalagmite 

Students can create their own stalactites and stalagmites to 


help them understand the process more clearly, (Note; Teachers 
can also be perform this activity as a demonstration.) 


Materials needed 

¢ Two jars—approx. 250 mL each (for each student group) 
@ Water—approx. 500 mL for each group 

© Thick, natural fiber string (about 30 cm long) 
© Cardboard—approx. 30 * 15 cm 

° 


Epsom salts—about 2 cups for each group 


i 
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left) were di. red ir ree 
2,000 years and are currently home to 80 million people. In part 
of France, natural limestone caves—with their ideal, constant 


temperature and humidity—are used to age wines and world 
famous Roquefort cheese. Cave systems have also been used to 
great effect as military transportation and esc ape routes and as 


weapons caches « _4 


wall are covered by 240 tons of roosting bats, with a body 


density of more than 5,000 per m’. On each of their nightly 
forays, these bats eat more than 200,000 kg of insects over 
surrounding towns and farmlands. They spend their days in 
total darkness more than 3 km inside the cave; how they know 
when it is time to emerge each evening remains a mystery 

Bats are extremely susceptible to disturbance of their habi 
tats. For example, thousands die each winter when inadvert- 
ently wakened by noise or other upheaval, which forces them 
to waste precious energy reserves. Many more bat colonies are 
affected by chemical pollution, cave vandalism, and other 


The 


chemical pesticides, which can negatively af 


habitat destruction loss of bats increases reliance on 


t human and 


environmental health. Populations of native plants and the 
animals that depend on those plants also decline when bat 
populations drop 

The saguaro, organ pipe cactus, and agave are a few such 
bat-dependent plants. So important is the long-nosed bat to 


the agave's reproductive process, that if its flowers are not 


visited by the bats, the odds of successful seed production are 
one three-thousandth of normal. Yet that bat species is now 
endangered, with only two nursery colonies known to remain 
in the United States 


e t e 

Procedure 

1, Add equal amounts of Epsom salts and warm water to each of 
the two jars. Stir. Place the jars on the piece of cardboard 
about 15 cm apart. 

2. Take the entire length of string and soak it in the solution 
until it is completely saturated—about one minute. 

3. Place one end of the string in each of the two jars. Let the 
string hang down between the two jars, but do not let it touch 
the cardboard. 

4. Leave the jars and the string ina location where they will not 


be disturbed for several days, but where students can observe 
the stalactites and stalagmites as they begin to form. 


Adapted from Carlsbad Caverns National Park’s Teachers 
Guide: “About Bats, Caves, and Deserts.” 


Are You My Baby? 

This activity aligns with the following National Science Educa- 
tion Standards: Content Standard C: Life Science-Characteris- 
tics of Organisms; Organisms and their Environments; and Regu- 
lation and Behavior 


Caves are home toa wide variety of creatures, perhaps none more 
familiar than bats. Millions of bats can sometimes be found in a 
single cave, many of them mothers and their newborn pups 
Mothers usually give birth’n the sping to a single baby, and 
because bats are mammals, each mother nurses her young several 
times a day. Scientists have found that in spite of the numbers and 
the darkness bat mothers manage to find their own pups. Each 
mother is able to locate her baby by recognizing its scent and call 

In the game below, your students can play the roles of bat 
mothers and babies trying to find each other in the noisy dark- 
ness, Six blindfo 


d students will be the “mothers” and six 


others will be chosen to play the babies. The rest of the class will 
make up the bat colony. (Note: Make sure students realize that 
speed is not the key to success in this activity Blindfolded students 
and speed are not a good mix and could lead to too many close 
encounters! Teachers should also be aware of any food or odor 
sensitivities or allergies among their students. Alcohol-based scents 
should not be used.) 


Materials needed 

e Cotton balls 

e Variety of scents (vinegar, cinnamon, garlic, vanilla, 
perfume, and banana are all good possibilities, but see cau 
tionary note above.) 


@ Six blindfolds 


Procedure 

1, Select six bat mothers and six babies 

2. Give each baby a scented cotton ball (see scent list for 
suggestions). Each bat’s mother should become familiar 


with the smell 


. Next, assign each baby a distinctive call, such as a simple 


pattern of tongue clicking. Mother and baby should practice 


the pattern several times to ensure recognition of sound 
4. Blindfold the mothers 
5. Theremaining students are also babies but without a scent or 

assigned call, Arrange all the babies in an open space with the 


All 


six “scented” babies scattered throughout the group 


babies will remain stationary 


6. Help the blindfolded mothers to the edge of the group 


d move slowly about the 


group in an effort to find their own baby. All the babies 


On your signal, they shou 


should call, clicking at random without a pattern 


RTMENT OF THE INTERIOR 


Key to 
Poster 


Somewhere in the dis 
tance, a bat squeaks 

but only the bat and oth 
ers like it can hear the 
sound, Nothing in the 


equipment the cavers (1) 
have will enable them to 
hear the high pitched 
of the 


frequency bat’s 


cry. But they forge on, 
ready to explore this un 


Whatever 


one’s interest—creatures 


usual world 


have 


or features—caves 
much to offer 
Creatures abound 
troglobites include the 
blind crayfish (10) and 


blind harvestman Spl 
der (8), a subterranean 


daddy longlegs. Other 


fauna, such as cave sala 
manders (9) and cave 
crickets (11) are 
troglophile Then there 
are the trogloxenes, of 


which bats, such as the 
little brown bat (5), are 


examples 


taves are also a spe 


cial place for unique geo 
logical features (speleo 
thems) that range from 
the massive to the deli 
cate. Stalagmites (6) are 
upward-growing calcite 
cones made from 

dripwater deposits. Stalactites (4) are downward-growing 
cones, also made from dripwater deposits. Stalactites begin 
as soda straws (14), hollow tubes that grow downward and 
conduct water externally as well as internally through their 
cores. When stalactites and stalagmites join together, col- 
umns (2) are formed. Caves also host draperies (3) (some of 
which may be referred to as “cave bacon” by the more 
culinary minded), which form when calcite-rich solutions 
flow along overhanging surfaces 


Another speleological food feature is cave popcorn (16), 


made up of concentrically layered microcrystalline calcite 


If jewelry is more to your taste, there are cave pearls (7 


concentric concretions found in shallow cave pools. They 


Bat guano also provides the primary nutrient source for entire 
ecosystems of cave life. It is so rich in nutrients that a single 
tablespoonful can contain hundreds of species of bacteria of great 
value. The Alabama cave fish, for example, lives beneath a bat 
roost in only one cave. Loss of the bat colony and the guano it 
produces could lead to the fish’s extinction. Recent tests have 
shown that some of the bacteria in guano also produce enzymes 
that have potential for use in detoxifying industrial wastes, im- 
proving detergents, and producing gasohol and antibiotics 


Many colonies of cave-dwelling bats have already been lost 
because of the impact of human activities. Of the bat species 
living in the United States and Canada, more than half are 
endangered or are candidates for such status. Conservation 
efforts, including some undertaken jointly by BLM and Bat 
Conservation International, have proven successful in halting 
some bat population declines. For example, several modern 
bridge designs have incorporated long, vertical crevices to pro- 
vide habitat for millions of bats. A number of formerly closed 
abandoned mines in northern California have been reopened 
and gated to provide new bat habitat for Townsend's big-eared 
bats. Other successful conservation initiatives include the use of 
artificial bat houses and the gating of caves essential to the 
survival of particular bat colonies 


except for the six babies, who must use the pattern they 
practiced with their “mothers.” 

7. Ifa mother approaches a scented baby, the baby must hold 
out the cotton ball toward the mother’s nose. No other con- 
tact should be made. 

8. The winner is the mother and baby who find each other first. 
When pairs find each other, they should leave the circle. The 
game is over when all mothers and babies are reunited. 


Adapted with permission from “Where’s My Baby?” in The 
Educator's Activity Book published by Bat Conservation Inter- 
national. (See Resources in the article for more information about 
this organization.) 


Life in the Dark 

These activities align with the following National Science Educa- 
tion Standards: Content Standard C: Life Science-Regulation 
and Behavior; Populations and Ecosystems; and Diversity and 
Adaptations of Organisms 


Part 1-Adaptations 

Like all living things, cave animals are adapted to their envi- 
ronment. Structural adaptations involve some part of the 
animal’s body, while behavioral adaptations are actions that 
help the animal survive. By filling in the blanks on an adapta- 
tion chart, students can learn about the kinds of adaptations 
cave animals possess. 


Procedure 
1, Create a chart ona chalkboard or pad of easel paper with the 
following headings across the top: Animal; Adaptation; 


Structural/Behavioral; Advantage 


2. Have your students look closely at the animals illustrated on 
the poster and note the type of animal in the left-hand col- 
umn of the chart 

3. Next, have them list in the second column at least one adap- 
tation for each animal, such as the claws on the bat, the long 
antennae of the cricket and crayfish, or the web-making 
ability of the spider 

4. In the third column, students should identify whether the 


adaptations they have listed are structural or behavioral 
adaptations 

5, The fourth column should be used to note student sugges 
tions about the advantages that each adaptation would pro- 
vide to the animal 

Note: Depending on the age and abilities of your students, you 

may want to fill in some parts of the chart in advance. For 

instance, you could list the adaptation “echolocation” for bats 

and allow students to come up with the type of adaptation it is and 


the advantage(s) it provides. Alternatively, you could list a 
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can be spherical, cylindrical, elliptical, or cubical. And when 
you re exploring caves, don’t forget to stop and smell the cave 
flowers, which are usually made of gypsum (13), with crystal 
petals that radiate from a central point and grow from the base 

Water, critical to the formation of limestone caves, is often 
present as pools or lakes (17). When it flows, it helps form 
flowstone, which can be massive (15) or delicate (knobby) (12) 
Caves: really cool places, and definitely something to squeak 


about—even if you're not a bat 


Be Prepared, Be 
Careful, Be Gentle 


For many people, the best 
way to truly learn about 
caves is to explore them in 
person. Jim Goodbar, 
BLM cave specialist, and 
article coauthor, (in photo 
at right) is one of those 
people. An important part 
of Jim's job is to educate 
others about the impor- 
tance of following strict 
guidelines on safety and 
ethics, Even seasoned explorers should follow these guide- 
lines, which are outlined on the following websites 
National Speleological Society, A Guide to Responsible Cav- 
ing: www.caves.org/brochure/res-cav.pdf 

Leave No Trace, Outdoor Skills and Ethics: Caving: 
www.Int.org/ LNT Publications/se.pdf.docs/ 
S&ECaving.pdf 


For more information on Jim Goodbar’s career and back- 
ground, see his “Resource Explorer” profile on BLM'’s 
website: www.blm.gov/education/expert/3/profile.html 


particular advantage for an animal and ask students to suggest 
an adaptation that provides it. 


Extension: Encourage students to research cave animals other 
than the ones shown on the poster, and have them create adap- 
tation charts for these additional animals. They could consult 
encyclopedias, books, or the following website: www.utexas. 
edu/depts/tnhc/.www/biospeleology/photos.htm 


Part 2-Web of Life 


As the article states, the number and variety of organisms living 
in a cave are small compared to populations in aboveground 
ecosystems. As a result, the natural balance existing in a cave 
can be easily upset. By creating cave food chains and discussing 
possible scenarios, students will come to realize how fragile cave 
ecosystems are 


Procedure 

1. Have your students create examples of cave food chains from 
the list of organisms below. Students can also create their 
own lists by consulting the website mentioned above. An 
animal encyclopedia might also come in handy, so students 
can research cave animal diets 

nuts & seeds 


wood rat springtail 


leaves & twigs fungi mite 


guano (feces of bats) bacteria > *pseudoscorpion 


cave salamander bat 


beetle 


cave cricket 

cave crayfish harvestman 

2. Once the class has developed an assortment of food 
chains, ask students to identify producers, consumers, 


and decomposers 


Next, discuss some of the following scenarios. Have students 
consider what might happen to the cave food web in each of 
these situations 


e A drought or wildfire on the surface kills most vegetation 
surrounding the cave. Little or no plant material blows or is 
washed in through the cave entrance. 

@ Apredator such as araccoon takes up temporary residence in 
the cave and eats all the crayfish in the cave's tiny pool 

e Human visitors leave trash, including spent batteries and 
remains of their lunch, inside the cave 

@ A gateis installed to keep people out and protect the cave, but 
the gate also keeps out bats and wildlife and restricts the flow 
of air and water into the cave 


@ Groundwater pollution kills cave shrimp and crayfish 


Adapted with permission from Project Underground 
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Most troglobites are transparent or 
white to pinkish in color, because they have 
no need for protection from sunlight or for 
visual camouflage from predators. Many 
have no eyes or poorly developed eyes _be- 
cause these organs are unnecessary in the 
dark, are prone to injury, and take precious 
energy to maintain. An eyeless cave fish 
such as the northern cave fish (Amblyopsis 
spelaea), for instance, can survive longer in 
a cave pool or stream with less food than 
can a fish that has eyes, an example of 
regressive evolution. 

What many troglobites have lost physi- 
ologically, they have made up for with the 
development of such adaptations as longer 
legs or antennae, finely tuned olfactory 
senses, extreme sensitivity to vibrations, or 
metabolisms that enable them to go for long 
periods of time with little food. Animals that 
have completely adapted to cave life include 
cave fish, cave crayfish, cave shrimp, 1so- 
pods, amphipods, millipedes, some cave 
salamanders, and insects such as roaches. In 
tropical caves, troglobitic roaches such as the 
giant cave roach (Blaberus giganteus) may 
blanket the cave floor in huge masses beneath 
bat nurseries, feeding on guano and quickly 
devouring any bat pups unlucky enough to 
slip to the ground. 

Cave microbes are currently being in- 
tensely researched in caves. In Lechuguilla 
Cave alone, more than 1,000 strains of mi- 
crobes have been isolated from pools, soils, 
speleothems, corrosion residues, and sulfur 
deposits. Microbes from Lechuguilla Cave, 
Mammoth Caves, and other U.S. caves are 
being studied for possible use in fighting cer- 
tain types of cancer. 

The precarious lifestyles of most cave 
animals highlight both the fragility of the 
cave environment itself and its inter- 
connectedness with the surface. Ulti- 
mately, the energy and resources that feed 
cave animals and cave environments— 
including water supplies—come from the 
Earth’s surface. Surface land use practices 
therefore directly impact water quality and 
life forms within caves. The systems are so 
delicate, in fact, that even recreational cave 
visitors can impact the underground world. 
These are some of the factors that make cave 
management a daunting task. 
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Above: By using a system of 
permits and gates, such as this one 
at Hot Springs Cave in Utah, 
BLM and other land managers 
can restrict access to caves that 
have valuable scientific or cultural 
resources or that pose dangers to 
the public. 

Right: To unethical people, cave 
entrances, such as this one in 
Warren County, Kentucky, 
appear to be attractive places in 
which to dump trash. Because 
entrances also serve as recharge 
points for groundwater, this 
practice can quickly pollute local 
or regional water supplies. 


Management Challenges 

The Bureau of Land Management (BLM) 
manages 262 million acres of public lands, 
mostly located in 11 western states and 
Alaska. Among the diverse natural and 
cultural resources under BLM’s care are 
several hundred caves in the West. The 
challenge for BLM and other land manag- 
ersis to protect fragile cave and karst env1- 
ronments and their valuable groundwater 
resources while also considering myriad 
other potential uses of these same areas, 
many of which are rich in resources such 
as timber, oil and gas, and other minerals. 

Caves and their associated environ- 
ments are very fragile ecosystems that 
are affected both directly and indirectly 
by human contact. Direct contact, in the 
form of exploration, recreation, and van- 
dalism, can alter environments that have 
formed over millions of years. Human 
visitors can stir up dust and discolor 
speleothems, track in mud and leave boot 
marks, cause accidental or intentional 
breakage of speleothems, leave trash, 
and contaminate water sources. In addi- 
tion, lighting, trail construction, build- 
ing of nonnatural cave entrances, ex- 
haled carbon dioxide, body oils, and 
noise from cave tours can all adversely 
affect the features and inhabitants of this 
underground world. 

Less direct, but equally harmful, is 
damage from activities that take place 
above ground. Natural occurrences and 
human actions can cause numerous dis- 


ruptions of the cave ecosystem. Timber 
harvesting, mining, grazing, farming, 
and urban development can all lead to the 
introduction of sediments into the cave/ 
karst system, as can natural wildland 
fires. Increased sedimentation can clog 
caves and crevices, alter drainage pat- 
terns, and change cave humidity and the 
pH of water in the cave. Alteration of 
airflow can also occur asa result of mining 
operations or the dumping of trash into 
sinkholes and cave entrances. 

Intentional dumping of trash—from 
household garbage to abandoned cars to 
dead animals—is certainly an obvious 
source of cave pollution. But pollutants 
also enter cave/karst systems asa result of 
various other activities. Chemicals from 
mining operations; fertilizers and pestt- 
cides from farms; sewage; runoff from 
urban areas; and pollutants from timber 
slash and waste all can make their way into 
relatively closed cave ecosystems. The 
effects can be serious not only for the cave 
system but also for the quality of ground- 
water in the entire region. 

Karst areas typically lack surface wa- 
ter and host numerous streambeds that 
are dry except in periods of high runoff. 
In these landscapes, with their absence of 
perennial surface streams, the entire re- 
gion serves, in effect, as a recharge zone 
for aquifers. Water is rapidly conveyed to 
the subsurface zones of recharge through 
a network of fractures, partings, and cave 
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entrances. In karst regions, groundwa- 
ter is highly vulnerable to pollution be- 
cause pollutants are only minimally fil- 
tered by typically thin soils, and are 
transported rapidly, both vertically and 
horizontally, to wells and springs. 

Management actions can minimize 
these disturbances. Buffer zones can be 
created around cave entrances and sink- 
holes, and prohibitions on dumping en- 
forced. In some cases, land managers 
can use permits to restrict recreational 
access to caves, either in terms of fre- 
quency of visits or size of visitor groups. 
Caves can be closed temporarily during 
periods when bats are hibernating or 
roosting. And in situations where 
unique scientific or cultural resources 
are involved, land managers may need 
to deny access until the resources have 
been fully studied and secured. 

Increased sedimentation associated 
with grazing, timber harvesting, min- 
ing, and wildland fire damage can be 
addressed through prompt reseeding 
and other soil stabilization efforts. 
Limits on construction and the careful 
siting of roads, pipelines, and rights-of- 
way can also be beneficial. 

Land management decisions can 
also affect the quality of the water that 
enters caves and karst systems. In some 
areas, infiltration of grazing-related 
toxins into groundwater can be mini- 
mized by construction of fencing to 
keep cattle away from springs and wa- 
terways. Frequent relocation of live- 
stock salt licks and watering tanks can 
also help by reducing soil compaction 
and the concentration of animal wastes. 


Exploring New Depths 
Understanding of cave and karst 
systems can be enhanced by articles 
such as this and by ongoing efforts on 
the part of the public to “dig deeper.” 
Caves are clearly more than just awe- 
some repositories of underground for- 
mations and curious creatures. They 
are part of a complex geological and 
biological system that has extended 
from the surface of the Earth to the 
underground and back for millennia, 
evolving continuously. 
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Karst groundwater resources can 
also be protected by the careful siting of 
mining and other drilling operations; ap- 
plication of special drilling and well- 
casing techniques; and the use of special 
linings and berms to isolate any spills 
that may occur. The locations of land- 
fills, underground storage tanks, oil and 
gas wells, and pipelines should be stud- 
ied and carefully considered by land 
managers. Septic systems should not be 
placed near sinkholes, springs, caves, 
fractured bedrock, crevices, or in areas 
with thin soil cover. Minimizing the use 
of pollutants such as pesticides, fertiliz- 
ers, de-icing salts, and petrochemicals 
should also be a management goal in 
these vulnerable areas. In regions where 
cave and karst resources are critical to 
municipal water supplies, or where cave 
and karst systems are particularly frag- 
ile, federal land managers even have the 
legal authority to close sensitive areas to 
mining, drilling, or other actions that 
could adversely affect the ecosystems 
and groundwater supplies. 

A range of protective measures is 
available for implementation by fed- 
eral land managers to varying degrees. 
But since many cave and karst re- 
sources are on privately owned lands, 
it is not always possible for federal 
managers to control vandalism and 
dumping. A great deal of what can be 
done to protect cave and karst re- 
sources 1s up to the public. Greater 
comprehension of potential problems 
and possible solutions, as well as more 
cooperation between the government 
and private sectors, is crucial. 


Caves represent one of the last fron- 
tiers of the American landscape to be 
explored. The fact that an under- 
ground wonder as extensive as Carls- 
bad Caverns was discovered little more 
than a century ago should serve as in- 
spiration to those who might be 
tempted to think there’s nothing left to 
discover. And the realization that it 
was a 16-year-old who made the dis- 
covery should serve as a particular in- 
centive to young people to keep explor- 
ing the world around them. 
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